A yellow-pigmented, Gram-negative, aerobic, non-motile, non-spore-forming, rod-shapedbacterium, LE124 T , was isolated from a hexachlorocyclohexane (HCH) dumpsite located in Lucknow, India. The type strain LE124
SM117
T (97.5 %) and Novosphingobium resinovorum NCIMB 8767 T (97.5 %) and lower sequence similarity (,97 %) to all other members of the genus Novosphingobium. The DNA-DNA relatedness between strain LE124 T and N. barchaimii LL02 T and other related type strains was found to vary from 15 % to 45 % confirming that it represents a novel species. The genomic DNA G+C content of strain LE124 T was 60.7 mol%. The predominant fatty acids were summed feature 8 (C 18 : 1 v7c, 49.1 %), summed feature 3 (C 16 : 1 v7c/C 16 : 1 v6c, 19.9 %), C 16 : 0 (6.7 %), C 17 : 1 v6c (4.9 %) and a few hydroxyl fatty acids, C 14 : 0 2-OH (9.4 %) and C 16 : 0 2-OH (2.1 %). Polar lipids consisted mainly of phosphatidyldimethylethanolamine, phosphatidylcholine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylmonomethylethanolamine, sphingoglycolipid and some unidentified lipids. The major respiratory quinone was ubiquinone Q-10. Spermidine was the major polyamine observed. Phylogenetic analysis, DNA-DNA hybridization, chemotaxonomic and phenotypic analysis support the conclusion that strain LE124 T represents a novel species within the genus Novosphingobium for which we propose the name Novosphingbium lindaniclasticum sp. nov. The type strain is LE124 T (5CCM 7976
The genus Novosphingobium (Sphingomonas) was first described by Yabuuchi et al. (1990) and later revised by Takeuchi et al. (2001) on the basis of phylogenetic and chemotaxonomic analysis. It belongs to class Alphaproteofbacteria, order Sphingomonadales and family Sphingomonadaceae. As of the time of writing, the genus Novosphingobium consists of 21 species with validly published names that have been isolated from diverse habitats including soil, sea sediments, wastewater treatment plants, contaminated ground water bioremediation reactor and hexachlorocyclohexane (HCH)-contaminated soil (Yabuuchi et al., 1990; Takeuchi et al., 1995; Balkwill et al., 1997; Takeuchi et al., 2001; Kämpfer et al., 2002; Fujii et al., 2003; Sohn et al., 2004; Liu et al., 2005; Tiirola et al., 2005; Addison et al., 2007; Lim et al., 2007; Suzuki & Hiraishi, 2007; Glaeser et al., 2009; Gupta et al., 2009; Yuan et al., 2009; Kämpfer et al., 2011; Baek et al., 2011; Niharika et al., 2012; Glaeser et al., 2012) . The sphingomonads, in general are known to degrade a wide range of xenobiotic compounds (Basta et al., 2005) and recently members of this group have been found to play a significant role in the degradation of HCH. HCH is a cyclic saturated chlorinated hydrocarbon that has been used extensively for the control of agricultural pests and in health programmes since 1950s. Two forms of HCH have been used: technical HCH [a mixture of four HCH isomers; a-(60-70 %), b-(5-12 %), c-(10-15 %) and d-(6-10 %)] and lindane (c-HCH, isomer only with insecticidal properties). Uttar Pradesh, India. The microbial community at this dumpsite has been drastically altered in the presence of HCH waste, giving rise to bacterial strains that degrade HCH (Jit et al., 2008; Singh & Lal, 2009; Sharma et al., 2010; Bala et al., 2010; Nigam et al., 2010; Garg et al., 2012) . These degraders seem to play an important role in depleting HCH isomer levels at these sites which has been our focus of study over the past decade. As an extension of continuous effort to isolate bacteria from this HCH dumpsite, we isolated a strain LE124 T .
In the present study, we describe the phenotypic, chemotypic and genotypic properties of strain LE124
T , that was found to degrade isomers of HCH (a-, c-and d-HCH) to determine its taxonomic position.
A yellow pigmented bacterium designated strain LE124
T was isolated from an HCH-contaminated dumpsite located in Lucknow, India. For this, 1 g soil sample was suspended in 5 ml sterile PBS 2 16 (137 mM NaCl, 1.3 mM KCl, 3.2 mM Na 2 HPO4, 0.5 mM KH 2 PO4, pH 7.4). The mixture was serially diluted and plated on Luria-Bertani (LB) agar (1 % tryptone, 0.5 % yeast extract, 0.5 % NaCl, 1.5 % agar) with nystatin and streptomycin (Vanbroekhoven et al., 2004; Dadhwal et al., 2009 ) and incubated at 28 u C for 2 days. Yellow colonies were then picked and purified on LB agar plates. The culture was preserved in 20 % (v/v) glycerol at 280 u C for further study. Since strain LE124
T showed very good growth on LB agar/ broth at 28 u C, routine cultivation was done on LB agar/ broth at 28 u C and all the morphological, physiological and biochemical characteristics of strain LE124
T were investigated at this temperature.
Sequence analysis of the 16S rRNA gene of strain LE124
T was carried out using 3100 Avant Genetic Analyzer (Applied Biosystems) at the Department of Zoology, University of Delhi, Delhi. For 16S rRNA gene sequencing, a fresh colony of about 2 mm in size was picked up, suspended in 40 ml deionized water and boiled at 95 u C for 10 min. It was then centrifuged at 13 000 r.p.m. (21 728 g) for 10 min and 20 ml supernatant was diluted 10 times and used for DNA amplification with an initial denaturation of 5 min at 95 u C, followed by 30 cycles of denaturation for 45 s at 95 u C, annealing for 45 s at 55 u C and elongation for 90 s at 72 u C. The last step included an extension for 7 min at 72 u C. A continuous stretch of 1419 bp was thus amplified using 8F (59-AGAGTTTGATCCTGGCTCAG-39) and 1542R (59-AAGGAGGTGATCCAGCCGCA-39) universal primers as described by Prakash et al. (2007) . The PCR product was purified using a Gel Extraction kit (Nucleospin Extract II; Macherey-Nagel) according to the manufacturer's instructions. The eluted DNA fragment was then sequenced using dideoxy chain-termination method and an ABI Prism 3100 Avant Genetic Analyzer (Applied Biosystems,). Homology search of 16S rRNA gene sequence was done by retrieving the sequences of closely related species from the BLAST programme of National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov) and also the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . The sequence similarity search revealed that the nearest neighbours of strain LE124 T are Novosphingobium barchaimii LL02 T (98.5 %), Novosphingobium panipatense SM16 T (98.1 %), Novosphingobium soli CC-TPE-1 T (97.9 %), Novosphingobium naphthalenivorans TUT562 T (97.6 %), Novosphingobium mathurense SM117 T (97.5 %) and Novosphingobium resinovorum NCIMB 8767 T (97.5 %). The selected sequences were aligned using the CLUSTAL_X version 1.81 program (Thompson et al., 1997) . The alignment was checked manually for quality. The evolutionary distance matrix was calculated using the distance model of Jukes and Cantor (1969) available within the TREECONW software package, version 1.3b by Van de Peer & De Wachter (1994) . A phylogenetic tree was constructed using the maximum-likelihood method within the PHYLIP 3.69 package (Felsenstein, 1981) (Fig. 1 ) and the neighbour-joining method of Saitou & Nei (1987) (Fig. S1 available in IJSEM Online) including bootstrap values based on 100 and 1000 resamplings respectively. Characteristic 16S rRNA signatures were present at positions 52 : 359 (U:A), 134 (G), 593(U), 987 : 1218 (A:U) and 990 : 1215 (U:G) (Takeuchi et al., 2001) , thus supporting its placement within the genus Novosphingobium. It became evident from analysis based on 16S rRNA gene sequences that strain LE124
T is a member of the genus Novosphingobium.
The colony morphology of strain LE124
T was studied on LB agar, nutrient agar (NA) and tryptic soy agar (TSA). Gram staining was performed using a Gram staining kit (HiMedia). The presence or absence of flagella was examined by transmission electron microscopy (TEM Morgagni 269D TEM, Fei) using cells from an exponentially growing culture by negatively staining with 0.5 % uranyl acetate followed by air drying and examination of the grids by TEM. Motility of the organism was also checked on motility agar medium.
Growth at different temperatures (4, 10, 22, 28, 37, 42 and 55 u C) was tested on LB. The ability of strain LE124
T to grow at different salt concentrations (1-12 %, w/v) and pH values (1.0-13.0, adjusted with 1.0 M HCl or 1.0 M NaOH, at intervals of 1 pH unit) was examined in LB broth at 28 u C as described by (Arden-Jones et al., 1979) . Oxidase production was tested as described by McCarthy & Cross (1984) . Catalase activity was detected using emission of bubbles in 3 % (v/v) hydrogen peroxide solution on LB agar. Hydrolysis of casein, gelatin, aesculin, starch, Tween 20, Tween 80, xanthine and hypoxanthine was determined as described by Cowan & Steel (1965) . Filter-sterilized carbon source solutions were added at final concentration of 0.2 % (w/v) (carbohydrates) and 0.1 % (w/v) (other substrates) as described by (Nishimura et al. 1988) . Acid production from carbohydrates and other substrates were tested as explained by (Stanier et al., 1966) . The biochemical tests were done by using API 20NE strips (bioMérieux) according to the manufacturers' instructions (results shown in Table 1 ). Urease activity was tested according to the protocol of Christensen (1946) . The DNase test was performed according to methods described by (Jeffries et al. 1957) . Tests for indole production, nitrate reduction, methyl-red and the Voges-Proskauer reaction were performed according to the protocol of Smibert & Krieg (1994) .
Microscopic study revealed that strain LE124
T is Gramnegative, rod-shaped, non-motile, non-spore-forming and aerobic. Colonies were yellow coloured, circular and smooth and varied in size from 0.9-1.5 mm in diameter. Strain LE124
T was non-flagellated ( Fig. S2 ) and grew well under aerobic conditions on LB, NA and TSA agar at 28 u C within 24-48 h of incubation. Growth was observed in 1-4 % (w/v) NaCl, pH (6-9). Tween 80 and aesculin were hydrolysed but not Tween 20 and starch. The nitrate reduction test was positive for strain LE124
T . Tests for oxidase and catalase was positive for strain LE124
T whereas those for casein, gelatin, methyl-red, Voges-Proskauer, urease and indole were negative.
The G+C content of strain LE124 T , calculated by method described by Gonzalez & Saiz-Jimenez (2002) using a 7500 Real-Time PCR system (Applied Biosystems), was found to be 60.7 %. T and N. resinovorum NCIMB 8767 T were harvested from LB agar plates after incubation at 28 u C for 3-4 days (late exponential growth phase). The physiological age of the biomass harvested was standardized by observing growth during incubation of the plates in all strains equally (bacterial growth was observed in all four quadrants of all cultures). Fatty acid methyl ester analysis was carried out at Disha Life Sciences (Ahmadabad, India). Fatty acid methyl esters were analysed from two to four loops of inoculum 
scraped from a Petri dish and subjected to saponification, methylation and extraction using the standard method (Miller 1982; Kuykendall et al. 1988) . The fatty acid methyl ester mixtures were separated using the Sherlock Microbial Identification System (MIDI) and identifications of the fatty acids were made using the Aerobe (TSBA, version 6.0 B) database. The predominant fatty acids were summed feature 8 (C 18 : 1 v7c, 49.1 %), summed feature 3 (C 16 : 1 v7c/C 16 : 1 v6c, 19.9 %), C 16 : 0 (6.7 %), C 17 : 1 v6c (4.9 %) and few hydroxy fatty acids C 14 : 0 2-OH (9.4 %) and C 16 : 0 2-OH (2.1 %) ( Table 2 ). The fatty acid profile obtained for strain LE124 T is in accordance with those for other species belonging to the genus Novosphingobium (Table 2) .
Cell biomass for analysis of polar lipids, quinones and polyamines was obtained from cultures grown in LB at 28 0 C for 3-4 days with shaking at 200 r.p.m. followed by freeze drying. Polar lipid analysis of the strain LE124 T was carried out using 100 mg lyophilized cell culture as described by Bligh & Dyer (1959) and separated by two dimensional TLC using 969 cm silica plates (Merck). The solvent system chloroform : methanol : water (65 : 24 : 4, v/ v) was used for the first dimension and chloroform : -methanol : acetic acid : water (80 : 12 : 15 : 4, v/v) for the second dimension. Detection of the total polar lipids was done using a spray of 5 % ethanolic molybdatophosphoric acid. The polar lipids of strain LE124
T consisted mainly of phosphatidyldimethylethanolamine, phosphatidylcholine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylmonomethylethanolamine, sphingoglycolipid and some unidentified glycolipids (Fig. S3 ).
Polyamines were extracted as described by Busse & Auling (1988) and analysed by one-dimensional TLC (Silica gel 60 F 254 , 20620 cm, Merck). A 15 ml volume of the extracted sample was applied to a TLC plate (Silica gel 60 F 254 , 20620 cm, Merck, 1.05554) and running solvent used was ethylacetate : cyclohexane (2 : 3, v/v). Spermidine was identified as polyamine in LE124
T which is a characteristic feature of the genus Novosphingobium (Busse et al., 1999; Takeuchi et al., 2001 ).
Quinones were extracted from 200 mg dry cell mass with a 10 % aqueous solution of 0.3 % (w/v) NaCl in methanol and petroleum ether (60-80 u C boiling point) at a ratio of 1 : 1. The upper phase was collected and dried in a rotavapor (Buchi). The residue was dissolved in 100 ml acetone. The extract was developed on a TLC plate (Silica gel 60 F254, 20620 cm, Merck, 1.05554) using petroleum ether (boiling point 60-80 u C) and diethyl ether (85 : 15, v/ v) . Purified ubiquinones were dissolved in 2-propanol and analysed by reverse-phase TLC according to the protocol of Collins & Jones (1980) . The major respiratory quinone observed was ubiquinone Q-10.
For DNA-DNA hybridization studies, the genomic DNA of the seven type strains that showed 16S rRNA gene sequence similarity greater than 97 % was isolated and purified. The DNA-DNA hybridization was carried out by the membrane filter method as described by Tourova & Antonov (1987) . The amount of bound probe DNA was calculated by using a scintillation counter (1450 LSC & Luminescence counter Wallac Microbeta Trilux, Perkin Elmer). Percentage relatedness was calculated on the basis of data obtained (mean of the three replicates) by DNA-DNA hybridization (Table S1 ). The mean DNA-DNA relatedness values of strain LE124
T was found to vary from 15 % to 45 % with its nearest neighbours (39 % with N. barchaimii LL02 . All hybridization values are well below the 70 % cut-off point for species classification, as recommended by (Wayne et al. 1987) , thus supporting the view that the isolated strain LE124 T represents a novel species of the genus Novosphingobium.
Based on the phylogenetic analysis using 16S rRNA gene sequence, DNA-DNA hybridization relationship with most closely related members of the genus Novosphingobium, morphological and physiological properties, biochemical features and chemotaxonomic studies, it can be concluded Gram-negative, aerobic, non-flagellated, non-motile, nonspore forming, rod-shaped bacterium (1.3 mm long and 0.7 mm diameter). Colonies are yellow pigmented, small (diameter 0.9-1.5 mm on LB agar after 72 h of incubation at 28 o C), convex, dry, opaque with round configuration and smooth and entire margin. Growth occurs between 25 and 32 u C and pH 6.0 and 9.0. Optimal growth occurs at 28 u C. Positive for oxidase, catalase and nitrate reduction. Aesculin, gelatin and Tween 80 are hydrolysed whereas xanthine, hypoxanthine, starch and Tween 20 are not hydrolysed. Strain LE124
T is negative for methyl-red, Voges-Proskauer reaction, casein, urease, DNase test, glucose fermentation and indole production. Positive for assimilation of glucose, fructose, arabinose, sucrose, mannose, trehalose, galactose, maltose, histidine, alanine, malate, serine and proline. Major polar lipids are phosphatidyldimethylethanolamine, phosphatidylcholine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylmonomethylethanolamine, sphingoglycolipid and some unidentified glycolipids. Ubiquinone Q-10 is the major respiratory quinone. Polyamine profile shows the presence of Spermidine as the major polyamine. The fatty acids detected are summed feature 8 (C 18 : 1 v7c), summed feature 3 (C 16 : 1 v7c/ C 16 : 1 v6c), C 16 : 0 , C 17 : 1 v6c and a few hydroxyl fatty acids C 14 : 0 2-OH and C 16 : 0 2-OH.
The type strain is LE124 T (5CCM 7976 T 5DSM 25409 T ), isolated from an HCH-contaminated dumpsite in Lucknow, India. The DNA G+C content of the type strain is 60.7 mol%.
